Matsuoka et al. 27 reported the long-term outcomes in 63 patients after anterior cervical decompression using the floating method. These investigators reported the incidence of a CSF leak or fistula to be 5.1%. Similarly, Joseph et al. 21 in a larger retrospective study of 144 patients reported a low incidence of CSF leak (6.3%) after anterior cervical OPLL decompression using the same floating method. In this study, the incidence of CSF leak increased from 5.6% and 5.3% for a 1-and 2-level corpectomy, respectively, to 16 .7% for a 3-level corpectomy.
Indirect decompression and fusion has also been described as an alternative strategy for surgically managing OPLL-induced cervical myelopathy while avoiding the potential risk for a CSF leak. Onari et al. 34 reported long-term results in 30 patients treated with an anterior cervical interbody fusion without resection of the OPLL. The majority of the patients were classified as having an excellent or good outcome and there were no CSF leaks.
Posterior Approach
Posterior cervical decompressions, laminoplasty, and laminectomy, in patients with or without OPLL, have a low incidence of durotomy. Even in the presence of an ossified ligamentum flavum, the decompression can often be performed without risk of a CSF leak. Alternatively, the resection of postlaminectomy compressive pseudomembrane can be problematic and often is associated with a CSF leak.
Both radiographic and clinical studies have demonstrated a low incidence of CSF leak/fistula after posterior cervical decompression. In a retrospective review of 400 cervical CT scans in postlaminectomy patients, Teplick et al. 42 noted only 8 patients (2%) with a pseudomeningocele. Miyazaki and Kirita 30 noted no CSF leaks in a retrospective review of 155 patients who underwent a laminectomy for OPLL. Similarly, Chiba et al. 9 noted a very low incidence of dural tears after performing an expansive laminoplasty for OPLL.
Neurological Injuries and C-5 Nerve Palsy
Anterior Approach Postoperative C-5 nerve palsy after surgery for compressive cervical myelopathy is a well-known complication that is poorly understood. The incidence of C-5 nerve palsy after anterior cervical decompression has been reported to occur in 1.6%-12.1% of patients, with an average incidence of 4.3%. 35 Half of these patients develop sensory deficits and/or intractable C-5 dermatome pain. The majority of C-5 nerve palsies are unilateral. In a review of the literature, Sakaura et al. 35 cited an incidence of 8% for bilateral C-5 palsies. In the majority of patients, the palsy appears within the 1st week but may appear as late as 4 weeks after surgery.
As previously mentioned, the origin of C-5 palsy is unclear, but direct injury with dural resection of OPLL has been reported. Mizuno and Nakagawa 31 reported 3 C-5 palsies that occurred immediately postoperatively. All 3 C-5 palsies were associated with a dural tear while removing extensive lateral recess OPLL. Two of the palsies were transient and the other was permanent. The authors believed that the palsies were the result of a direct nerve root injury during OPLL dissection. Belanger et al. 6 also noted immediate postoperative deltoid weakness in 2 patients in whom the dura was violated in proximity to the C-5 nerve root. Although no obvious compression of the nerve root could be demonstrated, the mechanical decompression may have resulted in a neurapraxia of the C-5 nerve root. Both patients eventually recovered full function.
Preserving the OPLL while decompressing the spinal canal does not appear to eliminate the risk of C-5 palsy. Matsuoka et al. 27 reported an incidence of 9.5% after using the "floating method" for decompressing the anterior cervical spine. None of the deficits were the result of direct injury. Nonetheless, C-5 palsy was detected in patients immediately or shortly after surgery.
Interestingly, patients who undergo anterior indirect decompression and fusion are not at risk for C-5 palsy. Onari et al. 34 reported long-term results for 30 patients with OPLL-induced cervical myelopathy. All of the patients were treated using an anterior cervical fusion without OPLL decompression, and none of the patients developed C-5 nerve palsy. However, 80% of the patients had good to excellent long-term results.
Posterior Approach
The incidence of C-5 nerve palsy after posterior cervical decompression for OPLL is similar to that of spondylotic cervical myelopathy. The incidence ranges from 0% to 30%, with an average of 4.7%. 27 Complications associated with iatrogenic spinal cord injury and postoperative spinal cord compression from epidural hematoma are also technique dependent and not related to the cause of compression.
Although neurological recovery after laminoplasty and laminectomy with and without fusion can be achieved, there is concern that there is a critical point of central canal compression with OPLL in which anterior decompression may be preferred. 6, 39, 41, 45 Iwasaki et al. 20 reviewed data for 66 patients after laminoplasty for OPLL with a mean follow-up period of 10 years. They noted a poor recovery rate in patients with 60% or higher occupying ratio of the central canal. These patients accounted for nearly 30% of the patients with poor outcomes due to their cervical OPLL. The remainder of the poor outcomes were attributed to change in cervical alignment, hillshaped OPLL, and postoperative progression of OPLL. Tani et al. 41 compared the relative safety of anterior corpectomy versus laminoplasty for decompression of massive OPLL (> 50% canal compression). As compared with laminoplasty, patients treated with a corpectomy were noted to have significantly better functional results and no postoperative neurological complications. Patients treated with a laminoplasty were noted to have significant neurological deterioration. One-third of the neurological deteriorations occurred immediately after surgery. Similarly, Baba et al. 3 noted poor long-term neurological results after laminoplasty in patients with OPLL and greater than 50% stenosis.
Long-Term Neurological Outcome and Deterioration
The primary goal of cervical decompression is clinical stabilization. However, clinical improvement or decline may occur. Patients with severe clinical symptoms are more likely to benefit from surgery, 5, 25, 36 whereas patients with mild symptoms will tend to have their symptoms stabilize. Despite surgical intervention, patients may still develop progression of their disease.
Both anterior and posterior surgical approaches can achieve good to excellent clinical results over a 2-to 4-year follow-up period. [6] [7] [8] However, benefits may not be sustained due to comorbidities in the elderly and to OPLL progression. Anterior decompression has been shown to maintain adequate long-term outcomes more than 10 years postoperatively. 11, 27 Similarly, posterior decompression with open-door laminoplasty has demonstrated satisfactory long-term outcomes for more than 10 years. 9 Regardless of technique, patients tend to initially improve and sustain these results for 3-5 years and subsequently show some clinical decline over the following 5-10 years.
Although OPLL progression does occur, it may only account for a small percentage of the clinical decline appreciated in patients. Matsuoka et al. 27 reported the longterm outcomes in 63 patients after the "floating method" of anterior cervical decompression; after 10 years, 36 patients (57%) demonstrated progression of their OPLL beyond the operative field. However, only 3 of these patients demonstrated clinical deterioration. Onari et al. 34 reported progression of OPLL in 26 of 30 patients. Interestingly, the neurological status of these patients did not correlate with the progression of OPLL. Twenty-one patients did not demonstrate any change in neurological status, and 5 patients improved over the course of the study. Of the 4 patients who demonstrated a neurological decline, none were the result of cervical progression of OPLL.
Cervical Kyphosis
Performing a posterior cervical laminectomy does not immediately destabilize the cervical spine. The posterior cervical exposure results in denervation and atrophy of the posterior cervical musculature, consequently increasing the anterior vertebral body compressive load, promoting kyphosis. The kyphotic alignment drapes the spinal cord over the posterior aspect of the vertebral bodies and may contribute to neurological decline.
The incidence of postoperative kyphosis after multilevel cervical laminectomy has been reported to be 20%. 23 However, postoperative kyphosis does not appear to correlate with clinical progression. Miyazaki and Kirita 30 followed 155 patients after a laminectomy for OPLL compressive myelopathy, with an average follow-up duration of 4 years. These authors noted an increase in lordosis in 7% of patients, a decrease in lordosis in 16%, and an increase in kyphosis in 17%. No correlation with clinical outcome was found.
Laminectomy and instrumented fusion is believed to prevent postlaminectomy kyphosis and potentially improve cervical lordosis. Chen et al., 8 in a retrospective radiographic review of 83 patients with OPLL compressive myelopathy, reported improved postoperative lordosis after cervical laminectomy and instrumented fusion. In addition, there was a correlation between cervical lordosis and a better prognosis. However, there was also a correlation between improved lordosis and the incidence of C-5 nerve root palsy. It is believed that a better decompression can be obtained in patients with a lordotic cervical spine than in a straight or kyphotic spine. An advantage of subaxial laminoplasty is that it prevents postoperative kyphosis. 18, 19, 24, 37 Seichi et al. 37 reported 10-year follow-up data in 35 patients after double-door laminoplasty for OPLL compressive cervical myelopathy. None of the patients developed a postoperative kyphotic deformity, but the authors did note a decrease in range of motion from 36° to 8° in flexion/extension. No neurological deterioration was attributed to the decompression or cervical alignment.
The preservation of the semispinalis attachment at C-2 is considered essential in the prevention of postlaminoplasty kyphosis. Takeshita et al. 40 demonstrated that if C-2 was incorporated into the laminoplasty, there was an increase in postoperative kyphosis. However, there was no significant difference in neurological outcome at 4-years' follow-up.
Discussion
Determining the optimal approach for decompression of OPLL-induced cervical myelopathy can be problematic. Traditionally we consider cervical alignment, flexibility, instability, and patient medical status to determine the optimal approach for this condition. However, cervical OPLL compression has a unique complication profile as compared with typical spondylotic myelopathy.
Durotomy is a well-known complication of spinal canal decompression that is often easily managed with primary repair. However, anterior cervical repair of a durotomy can be challenging. In the setting of OPLL, this often requires a dural substitute to be sutured to the tenuous surrounding dura followed by temporary CSF diversion. 1, 15, 16, 38 To minimize the risk of durotomy, various surgical techniques have been adopted that do not involve OPLL resection. 21, 27, 34 Irrespective of technique, there is a direct correlation between the number of OPLL segments decompressed and the risk of durotomy. 21, 27 One-and 2-segment decompression represents a modest risk that is similar to that of multilevel posterior decompression. Given that both laminectomy and laminoplasty are better suited for multilevel (> 3 levels) decompression, the durotomy risk associated with anterior 1-and 2-segment decompression is reasonable. Patients requiring greater than a 2-level decompression should be considered for a laminectomy with or without fusion or a laminoplasty.
Iatrogenic neurological injury is a constant concern for a spine surgeon. Preoperative planning and proper surgical technique help to minimize potential injury. Nevertheless, postoperative C-5 nerve root palsies occur and most often without direct insult. Approach does not appear to play a role in the incidence or recovery of a C-5 palsy. 31, 35 Direct decompression appears to have a mechanical effect on the nerve tension, resulting in palsy. Interestingly, patients who undergo indirect decompression do not appear to be at risk. 34 Approach-specific complications irrespective of OPLL also need to be considered. Anterior approaches can be complicated by dysphasia, recurrent laryngeal nerve injury, and increased risk of pseudarthrosis with multilevel fusions. 4, 22, 29, 43, 44 Conversely, posterior approaches tend to have an increased risk for infection, increased postoperative neck pain, and postlaminectomy kyphosis. 2, 17, 32, 33 The incidence of epidural hematoma resulting in spinal cord compression is similar for both approaches. 8, 9 The reported overall incidence of epidural hematoma is 1%, slightly less than that reported for posterior cervical decompression. 14 In general, cervical spine complications are not well tolerated by the elderly. However, the risks associated with a posterior approach may be better endured.
Certainly, approach-related complications should be taken into account when considering the surgical management of cervical OPLL. In addition, the OPLL morphology and extent of canal compromise should be evaluated carefully. While clinical outcomes appear to be similar for both anterior and posterior approaches, patients with greater than 50% OPLL canal compromise or "hill-shaped" OPLL compression have improved outcomes after anterior decompression. 5, 23, 24 When determining a surgical approach for OPLL decompression, the following considerations are made: 1) number of decompression segments; 2) OPLL morphology and extent of spinal canal compromise; and 3) patient age and comorbidities. Whether an anterior or posterior approach is chosen, patients should be made aware of the short-and long-term complications associated with this difficult disease to make the best decision with their surgeon.
Conclusions
Anterior cervical decompression is associated with a higher incidence of CSF leaks and fistulas. However, using the floating method of anterior decompression decreases the incidence of CSF leaks for 1-and 2-segment OPLL. Posterior decompression through laminoplasty or laminectomy with or without fusion should be considered in patients with less than 50% OPLL stenosis and without hill-shaped OPLL compression.
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